SEMICONDUCTOR MEMORY DEVICE WITH DATA INPUT/OUTPUT ORGANIZATION 



IN MULTIPLES OF NINE BITS 

Related Application 

This application relies for priority on Korean Patent Application number 2002-44220, 
filed on July 26, 2002, the contents of which are incorporated herein in their entirety. 

Field of the Invention 

The present invention relates to semiconductor memory devices having a plurality of 
memory arrays, and, in particular, to input/output organization in the memory device. 

Background of the Invention 

FIG. 1 contains a block diagram of a conventional semiconductor memory device with 
data input/output organization defined in multiples of nine bits. The semiconductor memory 
device 10 includes eight memory arrays MAT0 to MAT7 that are arranged in regions of four 
rows and two columns. FIG. 2 is a detailed block diagram of a memory array of FIG. 1, for 
example, memory array MAT0. Referring to FIGs. 1 and 2, each of the memory arrays includes 
a plurality of memory blocks BLK0 to BLK7, a main row decoder circuit MRD, section row 
decoder circuits SRD, a column decoder & column gate block Y-DEC & Y-GATE and a sense 
amplifier and write driver block SA & WD. 

Referring to FIG.2, the main row decoder circuit MRD selectively drives main word lines 
that are arranged in the row direction (not shown). Each of the section row decoder circuits SRD 
selectively drives section word lines of corresponding memory blocks. The column decoder and 
column gate block Y-DEC & Y-GATE selects columns of the selected memory block, for 
example, nine columns in the case of data input/output organization in multiples of nine 
(hereinafter "X9"), and electrically connects the selected columns to the sense amplifier and write 
driver block SA& WD. 

During a read operation, the sense amplifier and write driver block SA & WD senses data 
from selected memory block through selected rows, and the sensed data is transferred to a data 
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bus MDL. In FIG. 2, a data bus comprises nine data lines MDLO to MDL8. During a write 
operation, the sense amplifier and write driver block SA & WD transfers write data on the data 
bus MDL to the selected columns of the selected memory block through the column decoder and 
column gate block Y-DEC & Y-GATE. 

FIG.3 contains a detailed block diagram of a memory block BLK of FIG. 2. FIG. 3 shows 
the memory block and its peripheral circuit blocks as illustrated in FIG. 2. Referring to FIG. 3, a 
memory block BLK comprises nine memory block segments IO0 to 108. A column decoder and 
column gate block Y-DEC & Y-GATE is a column selection circuit, and it selects one of the 
columns of each memory block segment IOO to 108. That is, nine columns are selected. During 
a read operation, sense amplifiers SAO to SA8 sense one bit data from respective memory block 
segments IOO to 108 through the corresponding selected columns, and the selected nine-bit data 
is transferred to the corresponding data lines. 

A read operation of the semiconductor memory device with data input/output 
organization in multiples of 18 (XI 8), 36 (X36) or 72 (X72) will be described more fully below. 
As discussed above, a semiconductor memory device 10 in FIG. 1 comprises eight memory 
arrays and each array comprises eight memory blocks BLKO to BLK7, and each memory block 
comprises nine memory block segments IOO to 108. 

FIG. 4A shows a method for outputting data relating to a X72 single data rate (SDR) read 
operation or a X36 double data rate DDR read operation. During a X72 SDR read operation, 
nine bits of data are read simultaneously in each memory array and eventually seventy-two bits of 
data will be simultaneously output externally. During a X36 DDR read operation, nine-bit data is 
read simultaneously in each memory array as in the X72 SDR read operation. However, half of 
the seventy-two bits of data (thirty-six bits) is output externally in synchronization with the rising 
edge (or falling edge) of a clock signal and the other half (thirty-six bits) is output externally in 
synchronization with the falling edge (or rising edge) of the clock signal. 

FIG. 4B contains a block diagram showing a data output scheme relating to a X36 SDR 
read operation or a XI 8 DDR read operation. During a X36 SDR read operation, nine bits of 
data are simultaneously read in each memory array. Half of the eight memory arrays MATO to 
MAT7 should be selected in order to output thirty-six bits of data externally. As shown in FIG. 
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4B, the selection of the memory arrays is executed by a multiplexing method. Four multiplexors 
are required in order to select four memory arrays from the eight memory arrays. For example, a 
multiplexor MUXO selects one of the two memory arrays MATO, MAT2 and a multiplexor 
MUX1 selects one of the two memory arrays MAT1, MAT3 to output the nine bit-data from the 
selected memory arrays. A multiplexor MUX2 selects one of the two memory arrays MAT4, 
MAT6 and outputs the nine-bit data from the selected memory array. A multiplexor MUX3 
selects one of the two memory arrays MATS, MAT7 and outputs the nine-bit data from the 
selected memory array. Thus, thirty-six bits of data are output externally by the multiplexing 
method. In the case of a XI 8 DDR read operation, half (eighteen bits) of the thirty-six-bit data is 
output externally in synchronization with the rising edge (or falling edge) of a clock signal and 
the other half (eighteen bits) is output externally in synchronization with the falling edge (or 
rising edge) of the clock signal. 

FIG. 4C contains a block diagram showing a data output scheme relating to a XI 8 SDR 
read operation or a X9 DDR read operation. In this approach, six multiplexors MUXO to MUX5 
are used for the purpose of a XI 8 SDR read operation. As shown in FIG.4C, eighteen bits of 
data may be output externally by a two-stage multiplexing method. Similarly, in the case of a X9 
DDR read operation, half (nine bits) of the eighteen bits of data are output externally in 
synchronization with the rising edge (or falling edge) of a clock signal and the other half (nine 
bits) are output externally in synchronization with the falling edge (or rising edge) of the clock 
signal. 

As described above, the nine-bit data is always read from each memory array (or selected 
memory array). Thus, a semiconductor memory device as shown in FIG. 1 has as a drawback 
that the device performance or operating characteristics are changed depending on the data 
input/output organization (X9, XI 8, X36 or X72). The reason is that data is selectively output 
using a multiplexing method. For example, during the X72 SDR/X36 DDR read operation, as 
shown in FIG.4A, the selection of memory arrays is not executed using a multiplexing method. 
On the other hand, during the X36/X18 SDR read operation or the X18/X9 DDR read operation, 
as shown in FIGs. 4B and 4C, the selection of memory arrays is executed using a multiplexing 
method. The device performance is changed depending on the data input/output organization 
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(X9, XI 8, X36 or X72). Therefore, it is difficult for the semiconductor memory device as shown 
in FIG. 1 to maintain uniform performance or uniform operating characteristics regardless of the 
data input/output organization. 

Summary of the Invention 
5 An object of the present invention is, therefore, to provide a semiconductor memory 

device having uniform performance regardless of a data input/output organization. 

Another object of the present invention is to provide a semiconductor memory device 
having uniform operating speed regardless of the data input/output organization. 

Another object of the present invention is to provide a semiconductor memory device for 
1 0 reducing power consumption. 

The invention is directed to a semiconductor memory device and a method of processing 
data in a semiconductor memory device. The device includes a plurality of memory arrays, a 
quantity of the memory arrays being an odd number. A control circuit is associated with the 
memory arrays. The control circuit generates control signals and provides the control signals to 
1 5 the memory arrays such that data can be input and output to and from the semiconductor memory 
device in multiples of nine bits. In one embodiment, the control signals are sense amplifier 
control signals. The sense amplifier control signal selectively activates sense amplifiers in the 
memory arrays. A first of the memory arrays receives two of the control signals. Each of the two 
control signals can be associated with four bits of data. A second of the memory arrays can 
20 receive eight of the control signals, and each of the eight control signals can be associated with a 
single bit of data. Each of the control signals can be received by a plurality of the memory 
arrays. 

One of the memory arrays is associated with a quantity of bits, the quantities including 
one bit, two bits, four bits and eight bits. The number of bits depends upon the data input/output 
25 operational configuration of the memory device. One of the configurations is a by-nine (X9) 

operational configuration. In that configuration, each of two of the memory arrays is associated 
with four bits, and a third memory array is associated with a single bit. In a by-eighteen (XI 8) 
operational configuration, each of four of the memory arrays is associated with four bits, and a 
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fifth memory array is associated with two bits. In a by-thirty-six (X36) operational configuration, 
each of eight of the memory arrays is associated with four bits, and a ninth memory array is 
associated with four bits. In a by-seventy-two (X72) operational configuration, each of eight of 
the memory arrays is associated with eight bits, and a ninth memory array is associated with eight 
5 bits. 

In one embodiment, the memory arrays are comprised of a plurality of first memory 
arrays and at least one second memory array. The arrays are arranged in three columns and three 
rows. In one embodiment, a third memory array and/or a peripheral circuit, which can include 
the control circuitry of the invention, is included in the memory device. The third memory array 

10 can be a redundant array to at least one of the first and second memory arrays. The third array 
and/or the peripheral circuitry can be formed in the memory circuit such that it divides at least 
one of the memory arrays. In one particular embodiment, the redundant memory array and/or the 
peripheral circuitry divides the memory array in half. 

In one embodiment, each memory array comprises eight memory blocks, and each 

1 5 memory block comprises eight memory segments. The memory device of the invention can be a 
static random-access memory (SRAM). 

In one embodiment, the plurality of memory arrays all have the same input/output 
configuration. The memory arrays may all have the same memory density, or at least two of the 
memory arrays have different memory densities. 

20 In one embodiment, the memory device includes nine memory arrays. In another 

embodiment, the quantity of memory arrays is an integer multiple of nine. 

In one embodiment, the memory arrays comprise a plurality of first memory arrays which 
are selectively activated during a read or write operation and a second memory array which is 
activated by the control signals during every read or write operation. 

25 The invention provides numerous advantages over other memory input/output 

organizational configurations. For example, by using an odd number of memory arrays, data can 
be readily input and output from the memory in multiples of nine bits, without using complex 
circuitry used in prior approaches. Specifically, the invention can be implemented without using 
the multiplexing schemes found in prior art approaches. The elimination of this complexity 
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substantially reduces the power consumption of the memory device of the invention and also 
results in an increase in the speed of operation. 

Brief Description of the Drawings 

The foregoing and other objects, features and advantages of the invention will be apparent 
5 from the more particular description of a preferred embodiment of the invention, as illustrated in 
the accompanying drawings in which like reference characters refer to the same parts throughout 
the different views. The drawings are not necessarily to scale, emphasis instead being placed 
upon illustrating the principles of the invention. 

FIG. 1 is a block diagram of a semiconductor memory device with multiple memory 

10 arrays. 

FIG. 2 is a block diagram of a memory array in the device of FIG. 1 . 
FIG. 3 is a block diagram of a memory block in the memory array of FIG. 2. 
FIGs. 4A-4C contain block diagrams illustrating methods for outputting data relating to a 
X72/X36/X18 SDR read operation or a X36/X18/X9 DDR read operation in the memory device 
15 of FIG. 1. 

FIG. 5 is a block diagram of a semiconductor memory device with data input/output 
organization in. multiples of nine bits in accordance with the present invention. 

FIG. 6 is a block diagram of a memory array in the device of FIG. 5. 

FIG. 7 is a block diagram of a control circuit in accordance with the present invention. 
20 FIG. 8 is a block diagram of a memory array in the device of FIG. 5. 

FIG. 9 is a block diagram of another memory array in the device of FIG. 5. 

FIG. 10 is a circuit diagram of a control circuit as shown in FIG. 7. 

FIG. 1 1 is a schematic plan view illustrating a layout scheme of a semiconductor memory 
device having a peripheral circuit and a redundancy circuit in accordance with the present 
25 invention. 
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Detailed Description of Preferred Embodiments of the Invention 

FIG. 5 is a block diagram of a semiconductor memory device 100 according to an 

embodiment of the present invention. Referring to FIG. 5, the semiconductor memory device 

100 according to the present invention may be a static random access memory (SRAM). It will 
5 be understood, however, to one skilled in the art, that a semiconductor memory device 100 

according to the present invention may be another type of memory device, for example, DRAM, 

flash memory device, FRAM, EEPROM, ROM, etc. 

In one embodiment, a semiconductor memory device 100 according to the present 

invention includes nine memory arrays MAT0 to MAT8 that are arranged in regions of three 
10 rows and three columns. For example, if the density of the semiconductor memory device 100 as 

shown in FIG. 5 is 72M bits, the density of each memory array is 8M bits. In one embodiment, 

all of the arrays have the same density. However, the invention is applicable to systems in which 

all of the arrays do not have the same density. 

Each memory array in the semiconductor memory device according to the present 
1 5 invention includes a plurality of memory blocks for storing data. FIG. 6 is a block diagram 

illustrating one of the memory arrays, for example, MAT0, shown in FIG. 5. Referring to FIGs. 

5 and 6, in one embodiment of the present invention, each memory array MAT0 to MAT8 

includes eight memory blocks BLK0 to BLK7. For example, if the density of each memory array 

is 8M bits, the density of each memory block is 1M bits. 
20 Referring to FIG. 6, a memory array (for example, MAT0) further includes a main row 

decoder circuit MRD, section row decoder circuits SRD, a column decoder and column gate 

block Y-DEC & Y-GATE and a sense amplifier and write driver block SA & WD. The main 

row decoder circuit MRD selectively drives main word lines that are arranged in the row 

direction (not shown). Each of the section row decoder circuits SRD selectively drives section 
25 word lines of the corresponding memory blocks (not shown). A column decoder and column 

gate block Y-DEC & Y-GATE selects columns of the selected memory block, for example, eight 

columns in the case of a data input/output organization of X9. 
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During a read operation, the sense amplifier and write driver block SA & WD senses data 
from selected memory block through selected rows, and the sensed data is transferred to a data 
bus MDL. During a write operation, the sense amplifier and write driver block S A & WD 
transfers write data on the data bus MDL to the selected columns of the selected memory block 
5 through the column decoder and column gate block Y-DEC & Y-GATE. According to one 
embodiment of the present invention, the data bus MDL comprises eight data lines MDLO to 
MDL7, and each memory block comprises eight memory block segments. 

FIG. 7 contains a block diagram which illustrates an accessing approach according to the 
present invention, using the memory block segments. Referring to FIG. 7, the semiconductor 

10 memory device 100 includes a control circuit 120 that controls each sense amplifier and each 
write driver of memory blocks in each memory array. For example, the control circuit 120 
generates enable signals EN0 to EN7 in response to mode selection signals DR7236, DR3618 
and DR1809 and address signals Al to A3. Four-bit data or eight-bit data is read in each 
memory array MAT0 to MAT3 and MAT5 to MAT8, depending on the selective activation of 

15 the enable signals EN0 to EN7. Also, one-bit data, two-bit data, four-bit data or eight-bit data is 
read in the memory array MAT4, depending on the selective activation of the enable signals EN0 
to EN7. 

For example, during a X9 SDR read operation, if an enable signal EN7 is activated, four- 
bit data is read in each memory array MAT3, MATS, and one-bit data is read in the memory 

20 array MAT4. Thus, the nine-bit data is output externally without using a multiplexing method as 
shown in FIGs. 4B-4C. During a XI 8 SDR read operation, if enable signals EN0, EN4 are 
activated, four-bit data is read in each memory array MAT0, MAT2, MAT6 and MAT8, and two- 
bit data is read in the memory array MAT4. Thus, eighteen bits of data are output externally 
without using a multiplexing method. 

25 FIG. 8 shows a memory block and its peripheral circuit blocks of FIG. 7. A memory 

block BLK comprises eight memory block segments IO0 to 107 as shown in FIG. 8. A section 
row decoder circuit SRD is a row selection circuit. The SRD selects at least one of the section 
word lines (not shown) arranged in the row direction in the memory blocks. A column decoder 
and column gate block Y-DEC & Y-GATE is a column selection circuit which selects columns 
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of a memory block (for example, eight columns). That is, one column is selected per each 
memory block segment. The columns selected by a column decoder and column gate block Y- 
DEC & Y-GATE are connected to corresponding sense amplifiers SAO to SA3. Four sense 
amplifiers located on one side SAO to SA3 are controlled by enable signals ENO, EN2, EN4 and 
EN6, and four sense amplifiers located on the other side S A4 to SA7 are controlled by enable 
signals EN1, EN3, EN5 and EN7. 

For example, if an enable signal ENO is activated and an enable signal EN1 is inactivated, 
then sense amplifiers SAO to SA3 execute a sensing operation, and sense amplifiers SA4 to SA7 
do not execute a sensing operation. Therefore, four-bit data is read. If enable signals ENO and 
EN1 are activated, all the sense amplifiers SAO to SA7 execute a sensing operation. Thus, eight- 
bit data is read. Four-bit data (or eight-bit data) is read or written in each memory arrays MATO 
to MAT3, MATS to MAT8. For the sake of convenience, write drivers are not shown in FIG. 8. 
However, it is apparent to one of skill in the art that those write drivers are controlled by the 
same method as the sense amplifiers SAO to SA7. 

FIG. 9 shows a memory block of the memory array MAT4 and its peripheral circuit 
blocks as shown in FIG. 7. Circuit elements in FIG. 9 are the same as circuit elements in FIG. 8 
except for the method for controlling sense amplifiers SAO to SA7. Sense amplifiers of the 
corresponding memory blocks of the memory array MAT4 located in the center of the memory 
circuit of the invention (see FIG. 5) are controlled independently. According to these control 
methods, one-bit data, two-bit data, four-bit data or eight-bit data can be output from the memory 
array MAT4. For the sake of convenience, write drivers are not shown in FIG. 9. However, it is 
apparent to one of skill in the art that those write drivers are controlled by the same method as 
sense amplifiers SAO to SA7. 

FIG. 10 illustrates a circuit diagram showing a preferred embodiment of a control circuit 
shown in FIG. 7. Referring to FIG. 10, a control circuit 120 in accordance with the present 
invention generates enable signals ENO to EN7 in response to mode selection signals DR7236, 
DR3618 and DR1809 and address signals Al to A3, and as shown in FIG. 10, includes six OR- 
gates Gl 1 to G16, three inverters INV1 1 to INV13 and eight AND gates G17 to G24. The mode 
selection signal DR7236 is used for selecting a X72 SDR read operation mode or a X36 DDR 
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read operation mode, and the mode selection signal DR3618 is used for selecting a X36 SDR 
read operation mode or a XI 8 DDR read operation mode, and the mode selection signal DR1809 
is used for selecting a XI 8 SDR read operation mode or a X9 DDR read operation mode. It is 
apparent to one of skill in the art that the mode selection signals may be programmed internally 
5 using an option circuit, or programmed externally. 

Table 1 shows the logic status of the mode selection signals DR7236, DR3618 and 
DR1809 according to each operation mode. 

With reference to Table 1, if all of mode selection signals DR7236, DR3618 and DR180) 
have a logic "H" (high) level, then a X72 SDR read operation or a X36 DDR read operation is 
10 executed. At this time, all of enable signals ENO to EN7 have a logic "H" level regardless of the 
logic status of the address signals A 1 to A3. 
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If the mode selection signal DR7236 has a logic "L" (low) level and the mode selection 
signals DR3618, DR1809 have a logic "H" level, then a X36 SDR read operation or a X18 DDR 
read operation is executed. If the address signal Al has a logic "L" level, enable signals EN2, 

15 EN3, EN6 and EN7 are activated and enable signals ENO, EN1, EN4 and EN5 are inactivated, 
regardless of the address signals A2, A3. If the address signal Al has a logic "H" level, enable 
signals ENO, EN1, EN4 and ENS are activated and enable signals EN2, EN3, EN6 and EN7 are 
inactivated, regardless of the address signals A2, A3. 

If the mode selection signals DR7236, DR3618 have a logic "L" level and the mode 

20 selection signal DR1809 has a logic "H" level, then a XI 8 SDR read operation or a X9 DDR read 
operation is executed. The logic status of the enable signals ENO to EN7 is decided regardless of 
the address signals A3. If the addresses A2A1 have logic "LL" levels, then the enable signals 



SAM-0392 



EN3, EN7 are activated. If the addresses A2A1 have logic "LH" levels, then the enable signals 
EN1, ENS are activated. If the addresses A2A1 have logic "HL" levels, then the enable signals 
EN2, EN6 are activated. If the addresses A2A1 have logic "HH" levels, then the enable signals 
ENO, EN4 are activated. 

If all of mode selection signals DR7236, DR3618 and DR1809 have a logic "L" level, 
then a X9 SDR read operation is executed. If the addresses A3A2A1 have logic "LLL" levels, 
then the enable signal EN7 is activated. If the addresses A3A2A1 have logic "LLH" levels, then 
the enable signal ENS is activated. If the addresses A3A2A1 have logic "LHL" levels, then the 
enable signal EN6 is activated. If the addresses A3A2A1 have logic "LHH" levels, then the 
enable signal EN4 is activated. If the addresses A3A2A1 have logic "HLL" levels, then the 
enable signal EN3 is activated. If the addresses A3A2A1 have logic "HLH" levels, then the 
enable signal EN1 is activated. If the addresses A3A2A1 have logic "HHL" levels, then the 
enable signal EN2 is activated. If the addresses A3A2A1 have logic "HHH" levels, then the 
enable signal ENO is activated. 

Table 2 summarizes the above described combinations of logic states of the mode 
selection signals, addresses and enable signals. 
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[Table 2] 



A3A2A1 


X9SDR 


X18SDR 
OR X9DDR 


X36SDR 
OR X18DDR 


X72SDR 
OR X36DDR 


000 


EN7 


EN3, EN7 


EN2, EN3, 
EN6, EN7 


EN0-EN7 


001 


EN5 


ENl, EN5 


ENO, ENl, 
EN4, EN5 


EN0-EN7 


010 


EN6 


EN2, EN6 


EN2, EN3, 
EN6, EN7 


EN0-EN7 


Oil 


EN4 


ENO, EN4 


ENO, ENl, 
EN4, EN5 


EN0-EN7 


100 


EN3 


EN3, EN7 


EN2, EN3, 
EN6, EN7 


EN0-EN7 


101 


ENl 


ENl, EN5 


ENO, ENl, 
EN4, EN5 


EN0-EN7 


110 


EN2 


EN2, EN6 


EN2, EN3, 
EN6, EN7 


EN0-EN7 


111 


ENO 


ENO, EN4 


ENO, ENl, 
EN4, EN5 


EN0-EN7 



5 The X9 (XI 8, X36 or X72) SDR read operation of the semiconductor memory device 100 

in accordance with the present invention will now be described. Mode selection signals DR7236, 
DR3618 and DR1809 are set to a logic "H" level in order to execute a X72 SDR read operation. 
Because mode selection signals DR7236, DR3618 and DR1809 have a logic "H" level, enable 
signals ENO to EN7 are activated regardless of the logic status of the address signals A3A2AL 
10 Thus sense amplifiers of the selected memory block of each memory array MAT0 to MAT8 are 
activated. Therefore, seventy-two-bit data is read and output externally at one time during a X72 
SDR read operation. During a X36 DDR read operation, half (thirty-six-bit data) of the seventy- 
two-bit data is output externally in synchronization with the rising edge (or falling edge) of a 
clock signal and the other half (thirty-six-bit data) is output externally in synchronization with the 
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falling edge (or rising edge) of the clock signal. 

With the mode selection signal DR1809 in a logic "H" level and the mode selection signal 
DR7236 in a logic "L" level, if the address signal Al has a logic "L" level, enable signals EN2, 
EN3, EN6, EN7 are activated. Eight bits of data are output from each memory array MAT1, 
5 MAT3, MAT5, MAT7 as a result of being activated by all of the sense amplifiers of selected 

memory blocks of each memory array MAT1, MAT3, MAT5, MAT7. At the same time, four-bit 
data is output from the memory array MAT4 as a result of being activated by four sense 
amplifiers of selected memory blocks of the memory array MAT4. Therefore, thirty-six-bit data 
is output from memory arrays MAT1, MAT3, MAT4, MATS, MAT7 without using a 

10 multiplexing method. The thirty-six-bit data is output at one time externally in SDR mode. In a 
DDR mode, half (eighteen-bit data) of the thirty-six-bit data is output externally in 
synchronization with the rising edge (or falling edge) of a clock signal and the other half 
(eighteen-bit data) is output externally in synchronization with the falling edge (or rising edge) of 
the clock signal. If the address signal has a logic "H" level, enable signals ENO, EN1, EN4, ENS 

15 are activated. According to the same method as describe above, eight bits of data are output from 
each memory array MATO, MAT2, MAT6, MAT8 and four-bit data is output from the memory 
array MAT4. 

The XI 8 SDR read operation is executed by setting mode selection signals DR7236, 
DR3618 in a logic level and the mode selection signal DR1809 in a logic "H" level. As 

20 described above, two enable signals are activated according to the address signals A3A2A1 in 

this case. For example, if the address signals A2, Al have a logic "H" level, enable signals EN3, 
EN7 are activated and four bits of data are output from each memory array MAT1, MAT3, 
MATS, MAT7 and two-bit data is output from the memory array MAT4. Therefore, eighteen 
bits of data are output from memory arrays MAT1, MAT3, MAT4, MAT5, MAT7 without using 

25 a multiplexing method. The eighteen-bit data is output at one time externally in the SDR mode. 
In the DDR mode, half (nine-bit data) of the eighteen bit data is output externally in 
synchronization with the rising edge (or falling edge) of a clock signal and the other half (nine-bit 
data) is output externally in synchronization with the falling edge (or rising edge) of the clock 
signal. If the combination of the address signals A3, A2, Al is different from the above, 
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eighteen- bit data may be read from five memory arrays in the same method as described above. 

If mode selection signals DR7236, DR3618, DR1809 have a logic "L" level, a X9 SDR 
read operation can be executed. If address signals A3, A2, Al have logic "LLL" levels, the 
enable signal EN7 is activated and four bits of data are output from each memory array MAT3, 
MATS and one bit data is output from the memory array MAT4. Therefore, nine bits of data can 
be read from memory arrays without using a multiplexing method. If the combination of the 
address signals A3, A2, Al is different from the above, the nine-bit data may be read from three 
memory arrays in the same method as described above. 

FIG. 1 1 shows a layout of a semiconductor memory device having a peripheral circuit and 
a redundancy circuit in accordance with the present invention. Referring to FIG. 1 1, the 
semiconductor memory device in accordance with the present invention has each of the memory 
arrays MAT1, MAT4, MAT7 of the second column divided in two sections. In one embodiment, 
each of the arrays is divided in half. The peripheral circuit and the redundancy circuit are located 
in the divided region. Data I/O pads, address and control pads and data I/O circuits are located in 
an edge region of the chip. 

While this invention has been particularly shown and described with reference to 
preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit and scope of 
the invention as defined by the appended claims. 
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